To analyze the effectiveness of diffusion-weighted magnetic resonance imaging (DW-MRI) in the evaluation of recurrent cholesteatomas.
INTRODUCTION
Cholesteatoma is a collection of keratin in the temporal bone, which can be congenital or acquired [1] . Acquired cholesteatomas are mainly seen in the middle ear or mastoid; otherwise, congenital cholesteatoma can be observed anywhere in the temporal bone, such as the cerebellopontine angle and petrous apex. The treatment of cholesteatoma is surgical excision, the technique of which depends on the location and size of the cholesteatoma. Small-sized attic cholesteatomas can be excised through transcanal atticotomy, but many times, surgeons need a large exposure. Canal wall up (CWU) or canal wall down (CWD) tympanoplasty techniques provide large exposure in the widespread disease. Both techniques have special characteristics according to intraoperative exposure level, recurrence rates, hearing level, and self-cleansing ability. The CWU technique mainly consists of the posterior tympanotomy approach for the purpose of preserving the posterior ear canal. This technique provides a self-cleansing ability and better hearing results with higher recurrence rates [2] . The CWD technique requires intensive post-operative care due to the loss of self-cleansing ability. This technique has lower recurrence rates than the CWU technique. Recurrence occurs within 2 years, with 60% of them in the first post-operative year [3] . The recurrence rates of CWU and CWD techniques are 9%-70% and 4%-15%, respectively [2] . Each technique has strong advocates, many of them being experienced surgeons. The relatively high recurrence rate of the CWU technique leads to staged second-look procedures as a part of the operation.
The current traditional approach is two-stage surgeries in extensive disease. Second-look surgery is often performed 6-18 months after the first operation [4, 5] . The percentage of recurrent cholesteatoma findings in second-look surgeries is changing between 10%-44% [2] . More than one-half of second-stage operations are being only performed for the evaluation of the middle ear. This situation leads to unnecessary operations performed in half of the second-stage surgeries. Computerized tomography (CT) is important for preoperative evaluation, but it can not sufficiently distinguish between post-operative granulation tissue and cholesteatoma.
Diffusion-weighted magnetic resonance imaging (DW-MRI) has been advocated as an alternative to second-look operations in the evaluation of recurrent/residual disease [6, 7] . Granulation tissues become more conspicuous following contrast administration in DW-MRI because of the poorly vascularized structure versus cholesteatomas. This technique is an important and the newest method in cholesteatoma imaging. This new technique may provide us satisfactory data and may replace the classical second-stage operations. The current data support the strong predictive value of DW-MRI in the detection of recurrent disease.
We aimed to analyze the effectiveness of diffusion-weighted MR imaging in the evaluation of recurrent cholesteatomas.
MATERIALS and METHODS

Study Design
Our prospective study was performed in a tertiary referral center in Turkey. Second-look surgery, planned for 43 patients, was conducted between 2006 and 2010. Ethics committee approval was obtained from the ethic committee of Dışkapı Yıldırım Beyazıt Training and Research Hospital. All patients were informed about the study, and informed/signed consent forms were collected prior to the study. Eleven patients who did not attend regular follow-up visits were excluded from the study. Thirty-two patients were detected by CT and pure tone audiograms. CT findings did not raise a suspicion of residual cholesteatoma, and the pure tone audiogram test was associated with normal hearing levels in 9 patients. Second-look surgery and routine follow-up options were considered for these 9 patients in light of the current data; however, they did not accept second-look surgery. The rest of the 23 patients who underwent second-look surgery were included the study. Twenty patients had soft tissue in the operated cavity, but 3 patients' CT findings were not associated with a suspicion of residual cholesteatoma. Second-look surgery was considered in 2 of 3 patients with the indication of hearing reconstruction (Patients 15-17). The other patient (Patient 7) was included in the study due to suspected otoscopic findings. Then, 23 patients were detected preoperatively by DW-MRI. DW-MRI was performed 1 to 3 weeks before the second surgery. As the gold standard method, second-look surgery was performed 7-28 months after the first operation for the evaluation of the presence of recurrent/residual cholesteatoma. The validity of imaging techniques against second-look surgery for ruling out recurrent cholesteatoma was analyzed.
Patients
Thirty-two second-look surgery-planned patients were evaluated. Twenty-three patients were included in the study. There were 14 men and 9 women, with ages ranging from 10 to 50 (average age: 33.6 yrs) years.
Imaging Technique
All MRI examinations were performed with a 1.5-T MRI unit (Philips Achiva, Philips Medical Systems, Eindhoven, Netherlands) using a standard 8-channel neurovascular coil. DWI and ADC maps were included in the examination. DWI (FOV, 230×230 mm; Epi factor, 61; thickness/gap, 5/1 mm; acquisition matrix, 112×89) was performed by using b values of 0 and 1000 s/mm 2 in axial, multisection, single-shot, echo-planar imaging sequence. TE was taken as short as possible for the acquisition of the highest signal-to-noise ratio. Diffusion gradients were applied in 3 orthogonal directions simultaneously. The ADC maps were reconstructed with commercially available software.
Imaging Evaluation
An experienced neuroradiologist reported the DW-MRIs. Cholesteatoma was diagnosed on DWI as a marked hyperintense signal in comparison with brain tissue. All cases were classified as positive or negative.
Statistical Analysis
Data were analyzed using Statistical Package for Social Sciences 11.0 for Windows (SPSS Inc., Chicago, IL, USA). The sensitivity, specificity, and negative and positive predictive values were calculated.
RESULTS
Temporal CT was associated with soft tissue in the middle ear and post-operative cavity in 20 of 23 patients (Figure 1a ). DW-MRI indicated the presence of a cholesteatoma in 14 of 23 patients (Figure 1c ). There were true positive findings in 13 patients. The residual cholesteatoma rate was 56% of 23 patients. These 13 true positive patients had hyperintense signals in comparison with brain tissue in MRI sequences (Figure 1b ). The size of the cholesteatomas was between 2 to 12 mm. One patient was a false positive, and cholesteatoma was not detected in second-look surgery.
Nine patients were evaluated as a negative DW-MRI finding; 7 of 9 were true negatives, and 2 of 9 were false negatives ( Table 1) . Two false negative patients had residual cholesteatomas smaller than The sensitivity and specificity of DW-MRI were 86% and 87%, respectively ( Table 2 ). The positive and negative predictive values of DW-MRI were 92% and 77%, respectively ( Table 2 ). If we excluded the patients who had residual cholesteatomas smaller than 3 mm, the negative predictive value was 100%.
DISCUSSION
Cholesteatoma is an epidermoid cyst that contains desquamating stratified squamous epithelium. It destroys the neighboring bony structures by mass effect and osteolytic enzymes. The treatment of cholesteatoma depends on surgical excision. Radical mastoidectomy was the only therapeutic option at the beginning of the 20th century. This technique mainly avoids intracranial complications, which lead to profound hearing loss. After describing microsurgical techniques, preservation of hearing was aimed with the removal cholesteatoma. Extraction of the cholesteatoma with preserved aeration of the middle ear and functional ossicular chain is known as modified radical mastoidectomy. The current surgical approach to the cholesteatoma can be divided into two main categories according to posterior auditory canal wall situation. The CWU technique saves the posterior auditory canal wall and consists of a posterior tympanotomy approach. The CWD technique does not preserve the posterior auditory canal wall with wide exposure. The CWD technique has lower recurrence rates, requiring more intensive post-operative care, due to loss of the self-cleaning ability. The CWU technique preserves the self-cleaning ability, with higher recurrence rates. The recurrence rates of the CWD technique were reported as 4% to 15% in the English medical literature [2] . The rate of recurrence is 9% to 70% in the CWU technique [2] . These rates indicate that the CWU technique carries more than twice the recurrence risk of the CWD technique. That is why two-staged surgeries are commonly used in CWU techniques. Second-stage surgery helps to detect and treat recurrent disease. Some surgeons prefer ossicular chain reconstruction in the second stage. But, many times, second-look surgeries are used for only excluding recurrent disease. We performed second-look surgeries in this study in the case of a suspected residual/recurrent cholesteatoma and for ossicular chain reconstruction. Suspected residual/recurrent cholesteatoma was considered according to a clinical examination and CT findings.
High-resolution CT is widely used for pre-operative evaluation and planning of second-look procedures. It may give lots of information about bony structures but has significant soft tissue limitations. The soft tissue density in high-resolution CT should be distinguished between cholesteatoma and granulation tissue. The pre-operative imaging techniques may help us to detect disease severity and possible intra-operative complications. Additional imaging techniques have an essential role in the post-operative evaluation. Recurrent cholesteatoma can not be distinguished from inflammation or post-operative granulation tissue [8, 9] . The CT imaging results were evaluated as positive for soft tissue density in 20 of 23 patients in our study. However, 14 of 20 cholesteatomas were detected intraoperatively. In addition, one cholesteatoma was detected during the operation despite negative CT findings. Our results support that CT imaging is not an effective way to detect cholesteatoma relative to surgery. MRI is an effective imaging technique for soft tissues. Recent reports advocate DW-MRI as an alternative to second-look procedures [6, 10, 11] . Cholesteatomas do not have a vascular supply and do not enhance after contrast administration. However, granulation tissues have a poor vascular supply and enhance on delayed images. DW-MRI uses this contrast for distinguishing cholesteatomas from granulation tissues. There are many DW-MRI techniques for evaluating cholesteatoma, ranging from traditional spin-echo planar imaging to turbo spin-echo-based techniques, such as HASTE and BLADE [12] . These techniques have variable sensitivity and specificity rates based on slice thickness and their resolution. Vercruysse at al. investigated the utility of echo planar DWI in 100 patients, including 55 primary cases with acquired cholesteatoma and 45 with residual cholesteatomas [13] . The sensitivity of echo planar DWI was reported as 81% for primary acquired cholesteatomas and 12.5% of residual cholesteatomas in this study. The sensitivity of echo planar DWI is very variable in the English medical literature, ranging from 12.5% to 86% [13] [14] [15] [16] [17] . The specificity of echo planar DWI ranges from 73% to 100% [13] [14] [15] [16] [17] .
Our results support the current data. We detected positive DWI findings in 14 of 23 patients. There were 13 true positive subjects, and the sensitivity of the test was 86%. There were 2 false negative results in our study, and the specificity of the test was 87%. Both of these false negative cholesteatomas were less than 3 mm in diameter. Recent studies reported that echo planar imaging may miss recurrent disease smaller than 5 mm in size [16, 18] . In addition, very small (2 mm) residual/recurrent cholesteatomas could not be detected in our study. The main limitation of DWI was small cholesteatomas (less than 3 mm); however, the clinical significance of this finding is controversial. Follow-up with serial DWI may solve this problem. Hence, residual disease can be detected when it reaches a size of 3 mm. Unfortunately, there is no study that has focused on this problem. Non-echo planar DWI has advantages in detecting cholesteatomas as small as 2 mm, but still, it is not perfect [13, 18] . A recently published systematic review of 8 studies with 207 subjects reports 91% sensitivity and 96% specificity [19] for non-echo planar DWI. DWI may be an effective way to detect recurrent/residual cholesteatomas in light of our results and the current literature.
The incidence of residual cholesteatoma as detected in the second-look surgeries is about 10% to 15% in adults and 23% to 44% in children [20, 21] . It means that more than two-thirds of all second-look surgeries have been performed only inspection. Revision surgery causes increased morbidity and hospitalization. An alternative and effective imaging technique is important in these patients. A recently published meta-analysis has reported that DW-MRI is a useful and effective imaging technique [22] in the detection of recurrent cholesteatomas. According to all current data, second-look surgeries are not cost-effective, with probable morbidities [23, 24] in the detection of recurrent cholesteatomas.
The main limitation of the study is that 23 patients were included in this investigation. A large series may be needed for more powerful results. Another limitation is that we excluded 9 patients from the study according to their pure tone audiogram and CT findings, and also, they did notaccept second-look surgery. We can never know whether these cases were really true negatives without doing surgery in consideration of the current data.
Diffusion-weighted magnetic resonance imaging is a helpful and effective method for distinguishing cholesteatomas from other soft tissues in operated patients. It reduces the surgical risks and cost. The DW-MRI technique should be used in second-look surgery, which can spare patients from recurrent operations. Case series and sub-group investigations are important for a routine follow-up technique. The use of DW-MRI will likely reduce the need for second-look surgery, with a potential decrease in associated morbidity and surgical costs.
We would like to contribute to the literature on this topic.
